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[57] ABSTRACT 

A process for preparing an absorbent resin includes the steps 
of: preparing a ?rst crosslinking agent (A) including at least 
two polymerizable unsaturated bonds; preparing a second 
crosslinking agent (B) including at least two polymerizable 
unsaturated bonds and hydroxyl groups; preparing a 
crosslinking agent including (A) and (B) with a ratio of (A) 
to (B) ranging from 95/5 to 50/50; and polymerizing a 
hydrophilic unsaturated monomer having at least one car— 
boxyl group using the crosslinking agent. The crosslinking 
agent includes a crosslinking agent which includes a main 
component at least 90 percent by weight, the main compo 
nent being an ester having at least two polymerizable 
unsaturated bonds, wherein the ester is composed of a 
polyhydroxy alcohol (C) having not more than six carbon 
atoms and at least three hydroxy groups, and an unsaturated 
carboxylic acid (D); and a molecular weight ratio of the 
main component to a standard compound (E) is in the range 
of from 0.7/1 to less than 1.3/1, (E) being an ester composed 
of (C) that composes the main component, and (D) that 
composes the main component, in which all the hydroxy 
groups in (C) are ester-linked with (D). 

29 Claims, N0 Drawings 
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PROCESS FOR PREPARING AN 
ABSORBENT RESIN CROSSLINKED WITH A 
MIXTURE OF TRIIVIETHYLOLPROPANE 
DIACRYLATE AND TRIACRYLATE 

FIELD OF THE INVENTION 

The present invention relates to a process for preparing an 
absorbent resin, more speci?cally relates to a process for 
preparing an absorbent resin which exhibits excellent prop 
erties including its gel stability, di?usivity of aqueous liquid 
and permeability to aqueous liquid, suitable for use in 
sanitary goods. 

BACKGROUND OF THE INVENTION 

Recently, an absorbent resin is widely used in sanitary 
goods such as paper diaper’s, sanitary napkins, etc., for the 
purpose of absorbing liquid. 

Examples of the conventionally known absorbent resins 
includes: a partially neutralized crosslinked polymer of 
polyacrylic acid (Japanese Unexamined Patent Publication 
N 0. 84304/ 1980 (Tokukaisho 55-84304), Japanese Unexam 
ined Patent Publication No. 108407/1980 (Tokukaisho 
55-108407) and Japanese Unexamined Patent Publication 
No. 133413/1980 (Tokukaisho 55-133413»; a hydrolyzed 
polymer of starch-acrylonitrile (Japanese Unexamined 
Patent Publication No. 43995/1971 (Tokukaisho 
46-43995»; a neutralized graft polymer of starch-acrylic 
acid (Japanese Unexamined Patent Publication No. 125468/ 
1976 (Tokukaisho 51-125468»; a saponi?ed copolymer of 
vinyl acetate-acrylic ester (Japanese Unexamined Patent 
Publication No. 14689/1977 (Tokukaisho 52-14689»; a 
hydrolyzed copolymer of acrylonitrile or of acrylamide 
(Japanese Unexamined Patent Publication No. 15959/1978 
(Tokukaisho 53-15959»; a crosslinked polymer of cationic 
monomer (Japanese Unexamined Patent Publication No. 
154709/1983 (Tokukaisho 53-154709) and Japanese Unex 
amined Patent Publication No. 154710/1983 (Tokukaisho 
58-154710». 
Among the above-listed crosslinked polymers, a 

crosslinked polymer obtained by polymerizing a hydrophilic 
unsaturated monomer having at least one carboxyl group 
such as acrylic acid in the presence of a crosslinking agent 
is the most common material for the absorbent resin, 
because a raw material for the above polymer is available at 
low price, while exhibiting excellent absorbent properties 
without the problem of putrefaction. 
The absorbent resin desirably exhibits the following prop 

erties when it is in contact with an aqueous liquid: high 
magni?er and rate of absorbency; an excellent stability of its 
swollen gel; high dilfusivity of and permeability to aqueous 
liquid, a strong suction power for sucking the aqueous liquid 
from the material containing aqueous liquid, etc. 

Recently, still thinner sanitary goods of higher quality 
have been demanded, and an amount of use of the absorbent 
resin has been increasing. Thus, an absorbent resin which 
exhibits improved gel stability, diffusivity of and perrneabil 
ity to aqueous liquid is strongly demanded. As well known, 
these properties of the absorbent resin are greatly aiTected by 
a crosslinking agent used in the preparation process of the 
absorbent resin. 

The crosslinking agent used in the preparation of the 
absorbent resin must be commercially available and safe, 
and it is also required to exhibit excellent a?inity and 
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2 
polymerizability with a hydrophilic unsaturated monomer. 
For the above mentioned absorbent resin, unsaturated car 
boxylates of polyhydroxy alcohol, which have a plurality of 
polymerizable unsaturated groups and are polymerizable 
with a hydrophilic unsaturated monomer having at least one 
carboxyl group may be used. Examples of the above unsat 
urated carboxylates include: di(meth) acrylate of polyoxy 
alkylene glycol, (poly)propylene glycol di(meth)acrylate, 
trimethylolpropane tri(meth)acrylate, pentaerythritol tet 
ra(meth)acrylate, dipentaerythritol hexamethacrylate, and 
the like. - 

In order to prepare the absorbent resin which exhibits an 
excellent gel stability and di?cusivity of aqueous liquid using 
one of the above-listed unsaturated carboxylates as a 
crosslinking agent, the crosslinking agent must be used in a 
large amount. Here, the amount of use of the crosslinking 
agent and the gel stability have a virtually positive relation 
ship. However, because of other factors, such as copolymer 
izability, affinity and solubility of the crosslinking agent and 
the hydrophilic unsaturated monomer having at least one 
carboxyl group, etc., the reactivity of the crosslinking agent 
is lowered when it is used in an excess amount of a 
predetermined range. Namely, the excessive amount of the 
crosslinking agent would not give an improvement in the 
above properties of the absorbent resin as much as expected 
for the amount of use of the crosslinking agent. Moreover, 
the elfect of reducing the water soluble polymer content, 
which affects the dilfusivity of and permeability to aqueous 
liquid of the absorbent resin, is reduced. Thus, in order to 
obtain absorbent resin which exhibits an excellent gel sta 
bility, a large amount of the crosslinking agent is required. 

In order to improve the copolymerizability, a?inity and 
solubility of the crosslinking agent and the hydrophilic 
unsaturated monomer, for example, a method for polymer 
izing in the presence of a surface active agent (Japanese 
Examined Patent Publication No. 36763/1986 (Tokukosho 
61-36763» and a method for polymerizing in the presence 
of a dispersant (Japanese Unexamined Patent Publication 
No. 146902/1989 (Tokukohei 1-146902) are disclosed. 
However, since all of the above methods present the problem 
that the surface active agent or the dispersant remains in the 
resulting absorbent resin, which lowers the absorbent prop 
erties of the resulting absorbent resin, they are not desirable. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a process 
for preparing an absorbent resin which exhibits excellent 
properties including its gel stability, diffusivity of aqueous 
liquid and permeability to aqueous liquid with low water 
soluble polymer content, which are suitable for use in 
sanitary goods, without having therein by-products such as 
a surface active agent or dispersant remaining as residues 
nor requiring a large amount of crosslinking agents. 

In order to achieve the above object, the inventors of the 
present invention examined a process for preparing the 
absorbent resin with respect to polymerizing a hydrophilic 
unsaturated monomer having at least one carboxyl group in 
the presence of a crosslinking agent having at least two 
polymerizable unsaturated bonds, and discovered that by 
mixing or combining the crosslinking agent having at least 
two polymerizable unsaturated bonds at a predetermined 
ratio with another crosslinking agent having at least two 
polymerizable unsaturated bonds and hydroxy groups, the 
above-mentioned problems would be solved. The inventors 
of the present invention also discovered that in the case of 
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using an ester of the polyhydroxy alcohol having at least 
three hydroxy groups and the unsaturated carboxyl acid as 
the crosslinking agent, if more than a predetermined amount 
of a high boiling-point compound having at least two 
polyhydroxy alcohol structures in a molecule is included, it 
would be di?icult to achieve the improved absorbent prop 
erties of the absorbent resin. This means that the above 
problem can be prevented also by adjusting the content of 
the high boiling-point compound present in the crosslinking 
agent. 

In order to achieve the above object, the ?rst process for 
preparing the absorbent resin in accordance with the present 
invention is characterized by comprising the steps of: 

preparing the ?rst crosslinking agent including at least 
two polymerizable unsaturated bonds; 

preparing the second crosslinking agent including at least 
two polymerizable unsaturated bonds and hydroxy 
groups; 

preparing a crosslinking agent including the ?rst 
crosslinking agent and the second crosslinking agent 
with a ratio of the weight of the ?rst crosslinking agent 
to the weight of the second crosslinking ranging from 
95/5 to 50/50; and 

polymerizing a hydrophilic unsaturated monomer having 
at least one carboxyl group using the crosslinking 
agent. 

The second process for preparing an absorbent resin is 
characterized by including the step of: 

polymerizing a hydrophilic unsaturated monomer having 
at least one carboxyl group using a crosslinking agent 
which includes a main component at least 90 percent by 
weight, the main component being an ester having at 
least two polymerizable unsaturated bonds, wherein the 
ester is composed of: a polyhydroxy alcohol having not 
more than six carbon atoms and at least three hydroxy 
groups; and an unsaturated carboxylic acid; and a 
molecular weight ratio of the main component to a 
standard compound is in the range of from 0.7/1 to less 
than 1.3/1, the standard compound being an ester 
composed of: the polyhydroxy alcohol that composes 
the main component, and the unsaturated carboxylic 
acid that composes the main component, in which all 
the hydroxy groups in the polyhydroxy alcohol are 
ester-linked with the unsaturated carboxylic acid. 

The above processes give improved copolymerizability, 
a?inity and solubility, etc., between the crosslinking agent 
and the hydrophilic unsaturated monomer and gives a simple 
process for preparing the absorbent resin which exhibits 
improved properties including stability and strength of the 
gel, and the diffusivity of and permeability to aqueous liquid 
with low water soluble polymer content, suitable for use in 
sanitary goods without having therein by-products such as a 
surface active agent or dispersant therein as residues nor 
requiring a large amount of the crosslinking agent. 

The following descriptions will describe the present 
invention in detail. 

Examples of hydrophilic unsaturated monomer having at 
least one carboxyl group used as a raw material for the 
absorbent resin of the present invention include: acrylic 
acid, methacrylic acid, maleic acid, maleic anhydride, 
B-acryloxypropionic acid, fumaric acid, crotonic acid, ita 
conic acid, sorbic acid, cinnarnic acid or the above acids in 
a neutralized form. The hydrophilic unsaturated monomer 
may be one of the above listed acids or a combination or 
mixture thereof. Among the above-listed acids, the acrylic 
acid, methacrylic acid and these acids in a neutralized form 
are particularly preferable. 
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4 
Generally, the ai?nity and solubility between the hydro 

philic unsaturated monomer and the crosslinking agent is 
lowered when the carboxyl groups in the monomer are 
neutralized. On the contrary, the advantages of the process 
according to the present invention become particularly clear 
when the carboxyl groups in the monomer are neutralized. 
Therefore, it is particularly preferable that the acrylic acid 
and the methacrylic acid present in the partially neutralized 
form in the range from 30 mole percent to 90 mole percent 
of all carboxyl groups, with a more preferred range being 
from 50 mole percent to 80 mole percent and the most 
preferred range being from 60 mole percent to 75 mole 
percent. 
The above hydrophilic unsaturated monomer used as a 

raw material for the absorbent resin may be combined or 
mixed with another unsaturated monomer if necessary. 
Although the material for this additionally used monomer is 
not speci?ed in the present invention, for example, the 
following materials may be used: an anionic unsaturated 
monomer such as vinylsulfonic acid, styrenesulfonic acid, 
2-(meth)acrylamide-2-metylpropanesulfonic acid, 2-(meth 
)acryloylethanesulfonic acid, 2-(meth)acryloylpropane 
sulfonic acid, etc., and salts thereof; a nonionic unsaturated 
monomer including hydrophilic groups such as acrylarnide, 
methacrylamide, N-ethyl(meth)acrylamide, N-n-propyl 
(meth)acrylamide, N-isopropyl(meth)acrylamide, N,N-dim 
ethyl(meth)acrylamide, 2-hidroxylethyl(meth)acrylate, 
2~hydroxylpropyl(meth)acrylate, methoxypolyethylene gly 
col (meth)acrylate, polyethylene glycol mono(meth)acry 
late, vinylpyridine, N-vinylpyrrolidone, N-acryloylpiperi 
dine, N-acryloylpyrrolidine and the like; a cationic 
unsaturated monomer such as N,N-dimethylaminoethyl 
(meth)acrylate, N,N-diethylaminoethyl(meth)acrylate, N,N 
dimethylarninopropyl(meth)acrylate, N,N-diethylaminopro 
pyl(meth)acrylate and quaternary salts thereof and the like. 
The above additional hydrophilic unsaturated monomer is 
preferably is used in an amount not more than 50 percent by 
weight to the total weight of the hydrophilic unsaturated 
monomers including the original hydrophilic unsaturated 
monomer having at least one carboxyl group. 
As described, the crosslinking agent used in the polymer 

ization in the ?rst process for preparing the absorbent resin 
of the present invention includes the ?rst crosslinking agent 
having at least two polymerizable unsaturated bonds and the 
second crosslinking agent having at least two polymerizable 
unsaturated bonds and at least one hydroxy group at a ratio 
of the weight of the ?rst crosslinking agent to the weight of 
the second crosslinking agent ranging from 95/5 to 50/50. 
The ?rst crosslinking agent may be at least one material 

selected from the group consisting of N,N'-methylenebis 
(meth)acrylamide, (poly)ethylene glycol di(meth)acrylate, 
(poly)propylene glycol di(meth)acrylate, l,4-butanediol 
di(meth)acrylate, 1,5-pentanediol (meth)acrylate, 1,6-hex 
anediol di(meth)acrylate, neopentyl glycol diacrylate, trim 
ethylolpropane tri(meth)acrylate, ethylene oxide denatured 
trimethylolpropane tri(meth)acrylate, glycerin tri 
(meth)acrylate, pentaerythritol tetra(meth)acrylate, ditrim 
ethylolpropane tetra(meth)acrylate, dipentaerythritol hex 
a(meth)acrylate, tetramethylolmethane tetraacrylate, triallyl 
cyanurate, triallyl isocyanurate, triallylamine and tetraally 
loxyethane. For the ?rst crosslinking agent, those exhibiting 
low aiiinity and solubility with the hydrophilic unsaturated 
monomer having at least one carboxyl group (especially in 
a neutralized form) is preferable because the advantages of 
the process according to the present invention become clear. 
The ?rst crosslinking agent preferably includes at least 

three polymerizable unsaturated bonds in consideration of 
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the gel strength, water soluble polymer content, etc., of the 
resulting absorbent resin. The ?rst crosslinking agent may be 
at least one material selected from the group consisting of 
trimethylolpropane tri(meth)acrylate, ethylene oxide dena 
tured tn'methylolpropane tri(meth)acrylate, pentaerythritol 
tetra(meth)acrylate, triallylamine and tetraallyloxyethane. 
The second crosslinking agent may be at least one mate 

rial selected from the group consisting of trimethylolpropane 
di(meth)acrylate, ethylene oxide denatured trimethylolpro 
pane di(meth)acrylate, glycerin acrylate methacrylate, glyc 
erin di(meth)acrylate, pentaerythritol tri(meth)acrylate, 
dipentaerythritol penta(meth)acrylate, tetramethylol 
methane triacrylate, reaction product of polyhydroxy epoxy 
compound and (meth)acrylic acid and the like. 
The second crosslinking agent preferably has a stmcture 

similar to the ?rst crosslinking agent and exhibits excellent 
a?inity with the ?rst crosslinking agent because improved 
a?inity and the solubility of the ?rst crosslinking agent with 
the hydrophilic unsaturated monomer having at least one 
carboxyl group (especially in a neutralized form) can be 
achieved. 
The second crosslinking agent in accordance with the 

present invention is preferably at least one material selected 
from the group consisting of trimethylolpropane 
di(meth)acrylate, ethylene oxide denatured trimethylolpro 
pane di(meth)acrylate and pentaerythritol tri(meth)acrylate. 
As a typical example of the ?rst crosslinking agent and the 

second crosslinking agent, an ester of polyhydroxy alcohol 
having at least three hydroxy groups and an unsaturated 
carboxylic acid may be raised. Here, if the ?rst crosslinking 
agent and the second crosslinking agent have the same 
polyhydroxy alcohol structure, it would not be necessary to 
prepare the two crosslinking agents separately. As long as 
the ratio of the compound of the ?rst crosslinking agent to 
the compound of the second crosslinking agent falls within 
a predetermined range of the present invention by adjusting 
the conditions for the esteri?cation process, a compound 
resulting from a sole esteri?cation may be used directly as 
the crosslinking agent in the ?rst process for preparing the 
absorbent resin of the present invention. 

In the esteri?cation process, a high boiling-point com 
pound having at least two polyhydroxy alcohol structures in 
a molecule may be generated as a by—product. However, as 
long as the ratio of the ?rst crosslinking agent to the second 
crosslinking agent in the total crosslinking agent falls within 
the predetermined range, the high boiling-point compound 
may be included in a range of from above 0 percent by 
weight to less than 30 percent by weight with a more 
preferred range being from 10 percent by weight to 20 
percent by weight. 

In the ?rst process for preparing an absorbent resin of the 
present invention, the ratio of the ?rst crosslinking agent to 
the second crosslinking agent is set in a range of from 95/5 
to 50/50. When the second crosslinking agent is used in a 
reduced amount of the above mentioned range, the desirable 
a?inity and solubility between the ?rst crosslinking agent in 
the relatively large amount and the monomer are di?icult to 
be achieved. Moreover, improvements in the other proper 
ties of the absorbent resin such as the gel strength, the water 
soluble polymer content are also di?icult to be achieved. On 
the other hand, when the second crosslinking agent is used 
in an excess amount of the above mentioned range, the 
properties of the ?rst crosslinking agent used in a relatively 
small amount are hardly shown, and the gel strength may be 
lowered or the physical properties of the absorbent resin 
such as the magni?er of the absorbency may not be con 
trolled. Therefore, the ratio of the ?rst crosslinking agent to 
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6 
the second crosslinking agent is preferably set in a range of 
from 90/10 to 60/40. Additionally, it is preferable that the 
total amount of the crosslinking agent is set in a range of 
from about 0.05 mole percent to 1 mole percent with respect 
to the hydrophilic unsaturated monomer having at least one 
carboxyl group. 
The second process for preparing an absorbent resin of the 

present invention is characterized in that a hydrophilic 
unsaturated monomer having at least one carboxyl group is 
polymerized using a crosslinking agent which includes a 
main component at least 90 percent by weight. The main 
component of the crosslinking agent is an ester having at 
least two polymerizable unsaturated bonds, which is com 
posed of a polyhydroxy alcohol having not more than six 
carbon atoms and at least three hydroxy groups, and an 
unsaturated carboxylic acid. The crosslinking agent is set 
such that a molecular weight ratio of the main component to 
a standard compound is in the range of from 0.7/1 to less 
than 1.3/1. Here, the standard compound is de?ned as an 
ester composed of the polyhydroxy alcohol and the unsat 
urated carboxylic acid which compose the main component, 
in which all the hydroxy groups in the polyhydroxy alcohol 
are ester-linked with the unsaturated carboxylic acid. 

It is not preferable to set the ratio of the molecular weight 
outside of the above mentioned range or to set the main 
component content in the crosslinking agent less than 90 
percent by weight because the advantages of the process 
according to this invention cannot be ensured. 
The above crosslinking agent either includes a high 

boiling-point compound including at least two polyhydroxy 
alcohol structures having at least three hydroxy groups in a 
range of from more than 0 percent to less than 10 percent by 
weight, or consists of only a compound including one 
polyhydroxy alcohol structure having at least three hydroxy 
groups. As the amount of high boiling-point compound 
increases, the viscosity of the crosslinking agent increases; 
however, a suitable viscosity of the crosslinking agent for 
the process of the present invention is in a range of from 10 
cps to 60 cps at 25° C. If the high boiling-point compound 
is included more than the above range or the viscosity is 
above 60 cps, the advantages of the process according to the 
present invention cannot be achieved. The measuring 
method of the viscosity will be described later. 
The commercially available unsaturated carboxylates 

having a plurality of functional groups (hereinafter referred 
to as multi-functional groups) are normally produced by the 
esteri?cation of the polyhydroxy alcohols and unsaturated 
carboxylic acid, such as acrylate, or the transesteri?cation of 
the polyhydroxy alcohol and unsaturated carboxylates. 
However, since these unsaturated carboxylates are of multi 
functional groups, the resulting compound, i.e., a compound 
in which all the hydroxy groups are esteri?ed cannot be 
produced at high yield. Therefore, commercially available 
compounds such as unsaturated carboxylates of multi-func 
tional groups normally yield low purity and are mixtures of 
a plurality of components. 
As examples, the inventors of the present invention exam 

ined a plurality kinds of trimethylolpropane triacrylates on 
the market with respect to the compositions thereof, and 
discovered that compounds of intermediates or by-products 
were included in each trimethylolpropane triacrylate in a 
ratio ranging from 20 percent to 25 percent, and the trim 
ethylolpropane triacrylate was included only about 80 per 
cent. Therefore, the advantages of the process according to 
the present invention cannot be achieved using the commer 
cially available unsaturated carboxylates as the crosslinking 
agent in the second process for preparing an absorbent resin 
of the present invention. 
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The crosslinking agent used in the second process for 
preparing an absorbent resin of the present invention is 
prepared by increasing the content of the main component of 
the crosslinking agent by separating and purifying the com 
mercially available unsaturated carboxylates of multi-func 
tional groups in a simple manner, for example, by a column 
chromatography, using an adsorbent such as silica gel, 
zeolite, active carbon, etc., or by an extraction using an 
organic solvent. 

Preferred examples of the alcohol having not more than 
six carbon atoms and at least three hydroxy groups used in 
preparing the crosslinking agent used in the second process 
for preparing an absorbent resin of the present invention 
include: glycerin, trimethylolethane, tetramethylolethane, 
trimethylolpropane, tetrahydroxyethane, pentaerythritol, 
etc. Among the above listed alcohols, trimethylolpropane is 
especially preferable. For the unsaturated carboxylic acid 
used in the preparation of the crosslinking agent, any of the 
previously listed hydrophilic unsaturated monomers having 
at least one carboxyl group may be used. However, acrylic 
acid is especially preferable. 
Examples of the main component of the crosslinking 

agent used in the second process for preparing an absorbent 
resin of the present invention include unsaturated carboxy 
lates of multi-functional groups composed of an alcohol 
having not more than six carbon atoms and at least three 
hydroxy groups as an alcohol component and an unsaturated 
carboxylic acid as an acid component. Examples of the main 
component also include: a mixture of glycerin tri(met‘h)acry 
late and glycerin di(meth)acrylate, a mixture of trimethylo 
lethane tri(meth)acrylate and trimethylolethane 
di(meth)acrylate, a mixture of tetramethylolethane tet 
ra(meth)acrylate and tetramethylolethane tri(meth)acrylate, 
a mixture of trimethylolpropane tri(meth)acrylate and trim 
ethylolpropane di(meth)aerylate, a mixture of tetrahydroxy 
ethane tetra(meth)acrylate and tetrahydroxyethane tri 
(meth)acrylate and the like. 

In the second process for preparing an absorbent resin of 
the present invention, when a crosslinking agent whose main 
component exhibits low a?inity and solubility with the 
hydrophilic unsaturated monomer having at least one car 
boxyl group (especially in a neutralized form) is employed, 
the advantages of the process according to the present 
invention becomes particularly clear. It is preferable that the 
main component of the crosslinking agent has at least three 
polymerizable unsaturated bonds in order to obtain still 
improved properties such as its gel stability, water soluble 
component content, etc., of the resulting absorbent resin. 

In the second process for preparing an absorbent resin 
composition, the crosslinking agent is used preferably in an 
amount ranging from 0.01 mole percent to mole percent with 
a more preferred range being from 0.05 mole percent to 1 
mole percent of the hydrophilic unsaturated monomer hav 
ing at least one carboxyl group. i 

In the described ?rst and second processes for preparing 
an absorbent resin of the present invention, the crosslinking 
agent used in the polymerization process may be combined 
with a small amount of another crosslinking agent (herein 
after referred to as ?rst auxiliary crosslinking agent) as long 
as the advantages of the process according to the present 
invention can be achieved. Examples of the ?rst auxiliary 
crosslinking agent include: (poly)ethylene glycol diglycidyl 
ether, glycerol diglycidyl ether, ethylene glycol, polyethyl 
ene glycol, propylene glycol, glycerin, pentaerythritol, eth 
ylene carbonate, propylenecarbonate, ethylenediarnine, 
polyethyleneimine, glycidyl (meth)acrylate, and the like. 

Additionally, a water soluble polymer such as starch, 
cellulose, derivatives thereof, polyacrylic acid, polyvinyl 
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8 
alcohol, etc., may be present in the aqueous solution of the 
hydrophilic unsaturated monomer in order to obtain a graft 
copolymer. 

In polymerizing the hydrophilic unsaturated monomer 
having at least one carboxyl group in the presence of the 
crosslinking agent in the present invention, a bulk polymer 
ization or precipitation polymerization may be employed. 
However, in consideration of the performance, the easiness 
of the control of polymerization, an aqueous polymerization 
for polymerizing the hydrophilic unsaturated monomer in an 
aqueous solution or a reverse-phase suspension polymeriza 
tion are especially preferable, and the aqueous polymeriza 
tion for polymerization in the aqueous solution without 
using an organic solvent is especially preferable. In this 
polymerization process, the hydrophilic unsaturated mono 
mer is present in the aqueous solution in an amount ranging 
from 20 percent by weight to a saturation concentration, 
with a more preferred range being from 25 percent by weight 
to 40 percent by weight in order to make the advantages of 
the process according to the present invention greater. 

In the polymerization process of the present invention, the 
following polymerization initiator may be used: a radical 
polymerization initiator such as potassium persulfate, 
ammonium persulfate, sodium persulfate, t-butyl hydroper 
oxide, hydrogen peroxide, 2,2'-azobis(2-aminodipropane) 
dihydrochloride, an active energy rays such as ultraviolet 
rays, electron rays, and the like. In the case of employing an 
oxidative radical polymerization initiator, a redox polymer 
ization may be carried out by simultaneously using a reduc 
ing agent such as sodium sul?te, sodium bisul?te, ferrous 
sulfate, L-ascorbic acid, etc. 

In order to enable the resulting absorbent resin to be 
treated as particles, the water content of the absorbent resin 
is set in a range of from 0.1 percent to 50 percent with a more 
preferred range being from 1 percent to 20 percent and the 
most preferred range being from 1 percent to 10 percent. 
Normally, the polymerization process is followed by a 
drying process. 

In the process for preparing an absorbent resin of the 
present invention, the polymer resulting from the polymer 
ization process is preferably heated at a temperature in the 
range of from 80° C. to 250° C. with a more preferred range 
being from 150° C. to 220° C. A heating temperature is set 
in the above range because if the polymer is heated at 
temperature above 250° C., the properties of the absorbent 
resin may be lowered and if the polymer is heated at a 
temperature below 80° C., a sufficient gel strength may not 
be achieved. 

For the heating process, a generally used dryer or heater 
may be used such as a hot-air dryer, thin-type mix dryer, 
rotary dryer, disk dryer, ?uidized-bed dryer, flash dryer, 
infra-red dryer, etc. 
The resulting absorbent resin may have, for example, 

unde?ned, circular, ?brous, stick-like, or virtually circular 
shape. However, in consideration of the applications thereof 
to the sanitary goods with respect to the diffusivity of 
aqueous liquid, the resistance to moving out of the pulp, etc., 
it is preferable that the absorbent resin has an unde?ned 
shape with a preferred range of an average particle diameter 
being from 10 um to 1000 run and a more preferred range of 
an average particle diameter being from 300 pm to 600 umv 

In the present invention, in order to obtain a still improved 
absorbent properties of the resulting absorbent resin under 
pressure, such as a magni?er of absorbency, absorbing 
power, permeability to aqueous liquid, etc., the absorbent 
resin resulting from the process of the present invention may 
be mixed with a crosslinking agent which is reactive with a 
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carboxyl group (hereinafter referred to as second auxiliary 
crosslinking agent) and heated as a vicinity of the surface of 
the absorbent resin is more strongly crosslinked. Examples 
of the second auxiliary crosslinking agent include the fol 
lowing known crosslinking agents: polyhydroxy alcohol 
compounds such as ethylene glycol, diethylene glycol, pro 
pylene glycol, triethylene glycol, tetraethylene glycol, poly 
ethylene glycol, propylene glycol, 1,3-propanediol, dipro 
pylene glycol, 2,2,4-trimethyl-l,3-pentadiol, polypropylene 
glycol, glycerin, polyglycerin, 2-butane-l,4-diol, l,4-bu 
tanediol, 1,5-pentanediol, 1,6-hexanediol, 1,2-cyclohex 
anedimethanol, 1,2-cyclohexanol, trimethylolpropane, 
diethanolamine, triethanolarnine, polyoxypropylene, oxy 
ethylene oxopropylene block copolyrner, pentaerythritol, 
sorbitol, etc.; polyhydroxy epoxy compounds such as eth~ 
ylene glycol diglycidyl ether, polyethylene glycol diglycidyl 
ether, glycerol polyglycidyl ether, diglycerol polyglycidyl 
ether, polyglycerol polyglycidyl ether, propylene glycol 
diglycidyl ether, polypropylene glycol diglycidyl ether, etc.; 
polyamine compounds such as ethylenediamine, diethylen 
etriamine, triethylenetetrarnine, tetraethylenepentamine, 
pentaethylenehexarnine, polyethyleneirnine, etc.; polyhy 
droxy isocyanate compounds such as 2,4—tolylene diisocy 
anate, hexamethylene diisocyanate, etc.; polyhydroxy 
oxazoline compounds such as l,2-ethylenebisoxazoline, 
etc.; alkylene carbonate compounds such as 1,3-dioxolane 
2-one, 4-methyl-l,3-dioxolane-2-one, 4,5-dimethyl-l,3-di 
oxolane-2-one, 4,4-dimethyl-1,3-dioxolane-2~one, 4-ethyl 
1,3-dioxolane-2-one, 4-hydroxymethyl- l ,3-dioxolane-2 
one, l,3-dioxane-2-one, 4-methyl-1,3-dioxane-2-one, 4,6 
dimethyl-l,3-dioxane-2-one, 1,3-dioxopane-2-one, etc.; 
haloepoxy compounds such as epichlorohydrin, epibrome 
hydrine, ot-methylepichlorohydrin, etc.; metallic com 
pounds such as hydroxides and chlorides of metals: zinc, 
calcium, magnesium, aluminum, iron, zirconium, etc. 

In blending the second auxiliary crosslinking agent for 
crosslinking the vicinity of the surface, it is preferable that 
water is added either simultaneously or separately, and an 
insoluble particle powders, surface active agent, hydrophilic 
organic solvent, etc., may be used as well. 
The ?rst and second processes of the present invention for 

preparing the absorbent resin give improved properties of 
the absorbent resin: its gel stability, water soluble compo 
nent content, etc. Although the factors which give the 
improvement of the above properties are not sure, the 
following is presumed to be the reason why the improved 
properties of the absorbent resin can be achieved: the a?inity 
and solubility of the crosslinking agent to the hydrophilic 
unsaturated monomer having at least one carboxyl group can 
be improved signi?cantly by the combined use of the second 
crosslinking agent and by adjusting the content of a high 
boiling-point compound, and thus a uniform crosslinking 
structure can be achieved. 

Additionally, a deodorant, perfume, inorganic powder, 
foaming agent, pigment, dye, hydrophilic short ?ber, syn 
thetic ?ber, fertilizer, oxidizing agent, reducing agent, water, 
salts, etc., may be added to the resulting absorbent resin 
prepared by the process of the present invention, which 
enables the absorbent resin to have various functions and 
thus applicable to other ?elds than the sanitary goods such 
as paper diaper, sanitary napkin, etc. 
As described, the process in accordance with the present 

invention enables the absorbent resin to be prepared without 
having therein by-products such as the surface active agent, 
diifusants, etc., nor using a large amount of crosslinking 
agent. 

Moreover, the resulting absorbent resin prepared by the 
described process according to the present invention exhibits 
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10 
excellent properties including its gel stability, water soluble 
component content, di?usivity of and permeability to aque— 
ous liquid, suitable for use in sanitary goods. The absorbent 
resin prepared by the process of the present invention is 
suitable for use in sanitary goods such as paper diaper, 
sanitary napkin even when it is used in a larger amount. 

EXAMPLES 

The following examples and comparative examples are 
presented for the purpose of illustration only, and are not to 
be construed as limiting the scope of the invention in any 
way. The properties of the resulting absorbent resins were 
measured according to the procedures presented below. 

Example 1 

(a) absorbency 
In a tea bag (40 mm><l50 mm) made of a nonwoven 

material, 0.2 g of absorbent resin was uniformly fed, and the 
tea bag was put in 0.9 percent by weight of sodium chloride 
(physiologic saline) solution. After leaving the tea bag in the 
solution for 30 minutes, it was taken out and dewatered for 
a predetermined time. Then, the tea bag was weighted W1. 
Another tea bag was prepared in the same manner without 
using the absorbent resin, and the above process was fol 
lowed. Then, the tea bag was weighted W0. Using the 
obtained two weights W0 and W1, the absorbency (g/g) of 
the absorbent resin was calculated through the following 
equation: 

weight W1 (g) - weight W0 (g) 
absorbency (g/g) : absorbent resin weight (g) 

(b) gel strength 
To 100 ml of synthetic urine, 1.0 g of absorbent resin was 

added, and after leaving it for an hour, the mixture was 
?ltered off through a wire netting so as to obtain a swollen 
gel. Then, after extracting an excessive liquid from the 
swollen gel using paper, the swollen gel was set in a 
viscosity measuring unit (FLUID SPECTROMETER 
MODEL 8400 available from the Rheometric Co.) so as to 
measure a shearing modulus (kdyrr/crn2), which represented 
the gel strength. 
(0) gel stability 

In a 100 ml of propylene container (diameter: 50 mm) 
with a cover, 2.0 g of absorbent resin was fed and urine 
collected from ?ve adult persons was added so as to swell 
the absorbent resin. The container was closed with the cover 
and left for six hours at 40° C. Then, the container was 
inclined to a horizontal position and a distance (mm) the gel 
moved in one minute was measured, which represented the 
gel stability. Here, the shorter the distance the gel moves is, 
the more stable the swollen gel is in respect to the urine. 
((1) water soluble component content 

In 1000 ml of deionized water, 0.500 g of absorbent resin 
was di?usecl, and after agitating it for 16 hours, the mixture 
was ?ltered off through a ?lter paper, and the water soluble 
component content (percent) was calculated by a colloidal 
titration. 
The crosslinking agent for the process of the present 

invention was prepared in the following manner. 

Preparation 1 

In an one-liter ?ask with four openings provided with an 
agitator, water-separator with a cooling tube, thermometer 
and air-introducing tube, 134 g of trimethylolpropane, 238 g 
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of acrylic acid, 170 g of toluene, 24 g of p-toluenesulfonic 
acid and 0.6 g of hydroquinone were fed, and the ?ask was 
heated to 130° C. while introducing air thereinto. 

Produced water was distilled 011" from a reaction system 
by an azeotropic dehydration with toluene, while observing 
the reaction by a gas chromatography (GC), and when the 
ratio by weight of the trimethylolpropane triacrylate to 
trimethylolpropane diacrylate reached 85/15, the reaction 
was stopped. 

Then, the reaction solution was transferred to a separating 
funnel, and after neutralizing the unreacted acrylic acid with 
500 g of 10 percent NaOH aqueous solution and 300 g of 5 
percent NaOH aqueous solution, the reaction solution was 
layered and washed with water (500 g each) several times 
until the washed liquid was neutralized. Then, to an organic 
layer, 0.06 g of hydroquinone monomethyl ether was added, 
and the toluene was distilled under reduced pressure, 
thereby obtaining a reaction product. 
The reaction product was analyzed using the GC, and a 

result of the calculation based on their peak area ratio gave 
the ratio of the trimethylolpropane triacrylate and trimethy 
lolpropane diacrylate of 88/12 (by weight). The reaction 
product was also analyzed using a gel permeation chroma 
tography (GPC). As a result a high boiling-point compound 
including at least two trimethylolpropane structures was 
contained 14 percent by weight. 

Using the resulting crosslinking agent from Preparation 1, 
the hydrophilic unsaturated monomer having at least one 
carboxyl group was polymerized in the following manner: 

In 414 g of acrylic acid (hydrophilic unsaturated mono 
mer), 4.77 g of a crosslinking agent resulting from Prepa 
ration 1 was dissolved. To the mixture, 4382 g of 37 percent 
by weight of sodium acrylate and 699 g of ion exchange 
solution were added to give a reaction solution. In a stainless 
steel reactor of two-arms type kneader with a cover 
equipped with a jacket (volume content: 10 L) with two 
sigma blades, the reaction solution was poured, and the 
reaction system was displaced by introducing nitrogen gas 
while maintaining the reaction solution at 30° C. Then, 
while agitating the reaction solution maintained at 30° C., 
2.40 g of sodium persulfate and 0.12 g of L-aseorbic acid 
were added to the reaction solution so as to start the 
polymerization. After leaving it for 60 minutes, a resulting 
?nely divided water-containing gel-like polymer was taken 
out. 

The resulting ?nely divided water-containing gel-like 
polymer was placed on a wire netting of 50 mesh and dried 
under hot air at 150° C. for 90 minutes. Then, the resulting 
dried polymer was pulverized by a vibrating mill and further 
classi?ed by a wire netting of 20 mesh. As a result, an 
absorbent resin of unde?ned shape with a water content of 
8 percent and an average particle diameter of 370 um was 
obtained. The absorbency, gel strength, gel stability, water 
soluble component content (hereinafter simply referred to as 
results) of the resulting absorbent resin are presented in 
Table 1. 
As is clear from the results, the absorbent resin resulting 

from Example 1 exhibits excellent properties: gel strength, 
gel stability, diifusivity of and permeability to aqueous 
liquid, and low water soluble component content. 

Example 2 

The same preparation procedure and analysis as in 
Example 1 were conducted except that the amount of use of 
the crosslinking agent in Example 1 was altered to 3.41 g, 
and an absorbent resin was obtained. The results of Example 
2 are presented in Table l. 
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12 
Example 3 

The same preparation procedure and analysis as in 
Example 1 were conducted except that the amount of use of 
the crosslinking agent in Example 1 was altered to 2.04 g, 
and an absorbent resin was obtained. The results of Example 
3 are presented in Table 1. 

Example 4 

Preparation 2 

The same preparation procedure as in Preparation 1 was 
conducted except that the reaction was stopped when the 
ratio of trimethylolpropane triacrylate to trimethylolpropane 
diacrylate reached 58/42 (by weight). 
An obtained reaction product was analyzed using the GC, 

and the ratio of the methylolpropane triacrylate to trimethy 
lolpropane diacrylate was calculated based on their peak 
area ratio, and the ratio of 62/38 (by weight) was obtained. 
The reaction product was also analyzed using a gel penne 
ation chromatography (GPC). As a result, the reaction 
product includes 11 percent by weight of a high boiling 
point compound including at least two trimethylolpropane 
structures. 

The same preparation procedure and analysis as in 
Example 1 were conducted except that the crosslinking 
agent resulted from Preparation 2 was used in an amount of 
3.41 g, and an absorbent resin was obtained. The results of 
Example 4 are presented in Table 1. 
As is clear from the results of Examples 2 to 4, the 

absorbent resins resulting from Examples 2 to 4 exhibit 
excellent gel stability, low water soluble component content, 
and excellent diifusivity of and permeability to aqueous 
liquid as obtained from Example 1. 

Comparative Example 1 

Preparation 3 

The same preparation procedure as in Preparation 1 was 
conducted except that the reaction was stopped when the 
ratio of trimethylolpropane triacrylate to trimethylolpropane 
diacrylate reached 97/3 (by weight). 
The reaction product was analyzed using the GC, and the 

ratio of the methylolpropane triacrylate to trimethylolpro 
pane diacrylate was calculated based on their peak area ratio, 
and the ratio of 98/2 (by weight) was obtained. The reaction 
product was also analyzed using a gel permeation chroma 
tography (GPC). As a result a high boiling-point compound 
including at least two trimethylolpropane structures was 
contained 21 percent by weight. 

Using 4.77 g of the crosslinking agent resulting from 
Preparation 3, the hydrophilic unsaturated monomer having 
at least one carboxyl group was polymerized as in the same 
manner as Example 1, and an absorbent resin was obtained. 
The results of Comparative Example 1 are presented in 
Table 1. 

Comparative Example 2 

The same preparation procedure and analysis as in 
Example 1 were conducted except that the crosslinking 
agent resulting from Preparation 3 was used in an amount of 
3.41 g, and an absorbent resin was obtained. The results of 
Comparative Example 2 are presented in Table 1. 



5,574,121 
13 

Comparative Example 3 

The same preparation procedure and analysis as in 
Example 1 were conducted except that the crosslinking 
agent resulting from Preparation 3 was used in an amount of 

14 
Then, using a glass column with a length of 500 mm 

which was ?lled with silica gel (No. 7734 available from 
Merk Co.), and an eluent of hexane/ethyl acetate=l0ll 
(vol/vol), the column chromatography was conducted so as 

5 to separate 20 g of the reaction product by each component. 
2.04 g, and an absorbent resin was obtained. The results of AS a result, 15_() g of trimethylolpropane thacrylate with a 
Comparative Example 3 ‘416 Presented in Table 1- purity of 99 percent, molecular weight of 296 and molecular 
The results of Examples 1 [Q 4 and comparative weight ratio Of was a compound in 1116 

Examples 1 to 3 show that when the crosslinking agent is hydroxy groups in trimethylolpropane were ester-linked 
used outside the range of the ratio of the ?rst crosslinking to with acrylic acid was Obtained 
agent to the second crosslinking agent de?ned in the present Using chloroformlmethane=25ll (vol/vol) as an eluent, 
invention as in the case of Comparative Examples 1 to 3, the components adhering to the silica gel were eluted and the 
resulting absorbent resins exhibit inferior properties includ- eluent was removed from the elute. As a result, 3.5 g of an 
ing the gel stability, water soluble component content, and organic substance was obtained. The organic substance was 
the diifusivity of and permeability to aqueous liquid com- 15 analyzed by the GPC and was presumed to be compounds 
pared with the absorbent resins resulting from Examples 1 to with a molecular weight ranging from 400—l000. Further 
4. more, from this range of the molecular weight, the com 

TABLE 1 

Weight Ratio 
of Water 

First to Soluble 
Second Absor< Gel Gel Component 

Crosslinking bency Strength Stability Content 
Agcms (8/8) (kdynlcmz) (mm) (%) 

Example 
No. 

1 88/12 43 26 0 5 
2 88/12 47 19 2 7 
3 88/12 51 15 10 10 
4 62/38 46 19 2 5 

Comparative 
Example No. 

1 98/2 43 23 2 7 
98/2 47 17 10 10 

3 98/2 51 14 18 11 

Example 5 pounds were presumed to be polymerized compounds (with 
, _ 40 each molecular weight ratio in a range of from 1.35 to 3.88) 

The absorbency’ gel. Stablhty and Wine‘ Soluble compo‘ which are the condensation products of trimethylolpropane 
nent content of a resulting absorbent resin were measured as triaerylate’ trimethylolpropane diacrylate’ tn-methy1e1pr0_ 
in the same manner as Example 1 except that 1n testing the pane mono-acrylate’ and the like Namely’ the organic sub 
gel stability, the container was left for 24 hours instead of six Stance is a high b0i1ing_point c0mp0und_ 
hours- 45 Then, using the crosslinking agent resulting from Prepa 
The viscosity of the crosslinking agent was tested in the ration 4, polymerization of the hydrophilic unsaturated 

following manner: While maintaining the reaction vessel at monomer having at least one carboxyl group was conducted 
25° C. by circulating hot water in a thermostat, 1 ml of in manners presented below. 
crosslinking agent was fed and set the reaction vessel in the In 425 g of acrylic acid (hydrophilic unsaturated mono 
viscosity measuring unit (VISCONIC EMD type available 50 mer), 4.88 g of trimethylolpropane triacrylate (99 percent 
from Tokyo Keiki Ltd.) After leaving the reaction vessel for purity) as a crosslinking agent resulting from Preparation 4 
one minute, the viscosity was measured under predeter- was dissolved. To the mixture, 4500 g of 37 percent by 
mined conditions. . weight sodium acrylate and 540 g of ion exchange solution 
The crosslinking agent for the process of the present were added to give a reaction solution. In a reactor of a 

invention was prepared in the following manner_ 55 stainless steel kneader with a cover equipped with a jacket 
(volume content 10 L) with two sigma blades, the reaction 

Preparation 4 solution was poured, and the reaction system was displaced 
by nitrogen gas while maintaining the reaction solution at 

The same preparation procedure as in Preparation 1 was 22° C. Then, the reaction solution kept at 22° C. was 
conducted except that the reaction was stopped when the 60 agitated, and 2.83 g of sodium persulfate and 0.12 g of 
total amount of trimethylolpropane triacrylate and tn'methy- L-ascorbic acid were added to the reaction solution so as to 
lolpropane diacrylate reached 83 percent by weight. start the polymerization. After leaving the mixture for 40 
The reaction product was analyzed using the Gc and minutes, the resulting ?nely divided water-containing gel 

GPC. As a result, the total content of trimethylolpropane like Polymer was taken out 
triacrylate and trimethylolpropane diacrylate (which corre- 65 The ?nely divided water-containing gel-like polymer was 
spond to the crosslinking agent main component) was 83 
percent by weight. 

placed on a wire netting of 50 mesh and dried under hot air 
at 150° C. for 90 minutes. Then, the resulting dried polymer 
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was pulverized by a vibrating mill and further classi?ed by 
a wire netting of 20 mesh. As a result, an absorbent resin of 
unde?ned shape was obtained. Reaction conditions such as 
amount and viscosity of the crosslinking agent, and respec 
tive contents of the crosslinking agent main component and 
the high boiling-point compound, and the properties of the 
resulting absorbent resin such as the absorbency, gel stability 
and water soluble component content (hereinafter simply 
referred to as results) are presented in Table 2. 

As is clear from the results, the absorbent resin resulting 
from Example 5 exhibits excellent properties: gel stability, 
diffusivity of and permeability to aqueous liquid, and low 
water soluble component content. 

Example 6 

The same preparation procedure and analysis as in 
Example 5 were conducted except that a mixture of 4.68 g 
of trimethylolpropane triacrylate (99 percent purity) result 
ing from Preparation 4 and 0.20 g of the previously 
described organic substance was used as the crosslinking 
agent (main component content: 95 percent), and an absor 
bent resin was obtained. The results of Example 6 are 
presented in Table 2. 

Example 7 

The same preparation procedure and analysis as in 
Example 5 were conducted except that a mixture of 4.44 g 
of trimethylolpropane triacrylate (99 percent purity) result 
ing from Preparation 4 and 0.44 g of the organic substance 
was used as the crosslinking agent (main component con 
tent: 90 percent), and an absorbent resin was obtained. The 
results of Example 7 are presented in Table 2. 

Example 8 

The same preparation procedure and analysis as in 
Example 5 were conducted except that 6.98 g of trimethy 
lolpropane triacrylate (99 percent purity) resulting from 
Preparation 4 was used as the crosslinking agent, and an 
absorbent resin was obtained. The results of Example 8 are 
presented in Table 2. 

Example 9 

The same preparation procedure and analysis as in 
Example 5 were conducted except that a mixture of 6.70 g 
of trimethylolpropane triacrylate (99 percent purity) result 
ing from Preparation 4 and 0.28 g of the organic substance 
was used as the crosslinking agent (with a main component 
content of 95 percent), and an absorbent resin was obtained. 
The results of Example 9 are presented in Table 2. 

Example 10 

The same preparation procedure and analysis as in 
Example 5 were conducted except that a mixture of 6.35 g 
of trimethylolpropane triacrylate (99 percent purity) result 
ing from Preparation 4 and 0.63 g of the organic substance 
was used as the crosslinking agent (main component con 
tent: 90 percent), and an absorbent resin was obtained. The 
results of Example 10 are presented in Table 2. 

Example 11 

The same preparation procedure and analysis as in 
Example 5 were conducted except that 3.49 g of trimethy 
lolpropane triacrylate (99 percent purity) resulting from 
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16 
Preparation 4 was used as the crosslinking agent, and an 
absorbent resin was obtained. The results of Example ll are 
presented in Table 2. 

Example 12 

The same preparation procedure and analysis as in 
Example 5 were conducted except that a mixture of 3.35 g 
of trimethylolpropane triacrylate (99 percent purity) result 
ing from Preparation 4 and 0.14 g of the organic substance 
was used as the crosslinking agent (main component con 
tent: 95 percent), and an absorbent resin was obtained. The 
results of Example 12 are presented in Table 2. 

Example 13 

The same preparation procedure and analysis as in 
Example 5 were conducted except that a mixture of 3.17 g 
of trimethylolpropane triacrylate (99 percent purity) result 
ing from Preparation 4 and 0.32 g of the organic substance 
was used as the crosslinking agent (main component con 
tent: 90 percent), and an absorbent resin was obtained. The 
results of Example 13 are presented in Table 2. 

Example 14 

Preparation 5 

After obtaining a reaction product in the same manner as 
in Preparation 4, the reaction product was analyzed by the 
column chromatography using a solvent of hexane/ethyl 
acetate:3/2 (vol/vol) as in the same manner as in Preparation 
4. As a result, 1.5 g of trimethylolpropane diacrylate with a 
molecular weight ratio of 0.82 (99 percent purity) was 
obtained from 30 g of the reaction product resulting from 
Preparation 4. 
The same preparation procedure and analysis as in 

Example 5 were conducted except that a mixture of 4.15 g 
of trimethylolpropane triacrylate (99 percent purity) result‘ 
ing from Preparation 4 and 0.73 g of trimethylolpropane 
diacrylate (99 percent purity) resulting from Preparation 5 
was used as the crosslinking agent (main component con 
tent: 99 percent), and an absorbent resin was obtained. The 
results of Example 14 are presented in Table 2. 

Example 15 

The same preparation procedure and analysis as in 
Example 5 were conducted except that a mixture of 2.97 g 
of trimethylolpropane triacrylate (99 percent purity) result 
ing from Preparation 4 and 0.52 g of trimethylolpropane 
diacrylate (99 percent purity) resulting from Preparation 5 
was used as the crosslinking agent (main component con 
tent: 99 percent), and the absorbent resin was obtained. The 
results of Example 15 are presented in Table 2. 

Example 16 

The same preparation procedure and analysis as in 
Example 5 were conducted except that a mixture of 5.93 g 
of trimethylolpropane triacrylate (99 percent purity) result 
ing from Preparation 4 and 1.05 g of trimethylolpropane 
triacrylate (99 percent purity) resulting from Preparation 5 
was used as the crosslinking agent (main component con 
tent: 99 percent), and an absorbent resin was obtained. The 
results of Example 16 are presented in Table 2. 
As is clear from the results of Examples 6 to 16, the 

absorbent resins resulting from Example 6 to l6 exhibit 
excellent properties: gel stability, di?’usivity of and perme 
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ability to aqueous liquid, and low water soluble component 
content as in Example 5. 

Comparative Example 4 

18 
was used as the crosslinking agent (main component con 
tent: 60 percent) instead of the crosslinking agent of the 
present invention used in Example 5, and an absorbent resin 
was obtained. The results of Comparative Example 5 are 

. . . 5 

The same preparation procedure and analysls as 1n presented in Table 2. 
Example 5 were conducted except that 4.88 g of tnmethy 
lolpropane triacrylate on the market (available from Rhone 
Poulenc, main component content: 80 percent) was used ' E 1 
instead of the crosslinking agent of the present invention in 10 comparative ramp 6 7 

ggggejr’aiir‘li 3121x2301:ertaiisulgzzitzgtign?bihg results The same preparation procedure and analysis as in 
p p p ' Example 11 were conducted except that a mixture of 3.49 g 

Comparative Example 5 of the reaction product resulting from Preparation 4, i.e., the 
_ . _ reaction product with a total content of trimethylolpropane 

The same preparation procedure and analysis as in 15 . . . 
. tnacrylate and tnmethylolpropane dlacrylate of 85 percent 

Example 5 were conducted except that a rmxture of 2.69 g _ _ _ _ . 

of trirm?mdolpropam: triacrylate (99 perc?m purity) result_ by we1ght as the crosslmking agent instead of the crosslink 
ing from preparation 4 and 0.30 g of the previously mg agent of the present invention used in Example 11, anthe 
described organic substance was used as the crosslinking absorbent resin was obtained. The results of Comparative 
agent (main component content: 76 percent) instead of the 20 Example 5 are presented in Table 2. 
crosslinking agent of the present invention used in Example The results of Examples 5 to 16 and Comparative 
5, and an absorbent resin was obtained. The results of E 1 4 7 h h h th .all all b1 
Comparative Example 5 are presented in Table 2. mm? c? to s O‘Yt at w en_ e_commercl _ y av a e 

crosslinking agent with low purity 1s used as 1n the Com 

Comparative Example 6 25 parative Examples 4 to 7, the resulting absorbent resins 

The same preparation procedure and analysis as in exhibit inferior properties such as gel stability, water soluble 
Example 5 were conducted except that a mixture of 4.23 g Component Content’ and diffusivity of and Permeability to 
of trimethylolpropane triacrylate (99 percent purity) result- aqueous liquid as compared with the absorbent resins result 
ing from Preparation 4 and 2.75 g of the organic substance ing from Examples 5 to 16. 

TABLE 2 

Cross 
linking High Cross- Water Viscosity 
Agent Boiling- linking Gel Soluble of 
Main point Agent Absor- Stab- Component Cross 

Component compound Amount bency ility Content linking 
Content (%) (%) (mol %) (g/g) (mm) (%) Agent 

Example 
No. 

5 TMPTA 99 1 0.07 41 1 3 40 
6 95 5 0.07 42 1 4 4S 
7 90 9 0.07 44 2 5 50 
8 99 1 0110 40 0 2 40 
9 95 5 0.10 41 1 3 45 
10 90 9 0110 42 2 4 50 
11 99 1 0.05 45 3 6 40 
12 I 95 5 0.05 45 4 7 45 
13 90 9 0.05 46 5 7 50 
14 TMPTA 84 1 0.07 42 0 4 40 

TMPDA_15 
Total 99 

15 TMPI‘A 84 1 0.05 45 5 6 40 

TMPDA_1_5 - 

Total 99 
16 TMPTA 84 1 0110 41 0 2 4o 

TMPDA_15 
Total 99 

Comparative 
Example No. 

4 TMPTA 80 20 0.07 42 7 6 103 
5 76 24 0.05 45 2 8 96 
6 60 40 0.10 44 10 7 110 
7 85 15 0.05 46 11 10 87 

TMPI‘A: trimethylolpropane triacrylate 
TMPDA: trimethylolpropane diacrylate 
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The invention being thus described, it will be obvious that 
the same way be varied in many ways. Such variations are 
not to be regarded as a departure from the spirit and scope 
of the invention, and all such modi?cations as would be 
obvious to one skilled in the art are intended to be included 
within the scope of the following claims. 
What is claimed is: 
1. A process for preparing an absorbent resin comprising 

the steps of: 
providing trimethylolpropane and acrylic acid; 
producing a crosslinking agent by mixing and esterifying 

the trimethylolpropane and acrylic acid so that a ratio 
in weight percent of trimethylolpropane triacrylate and 
trimethylolpropane diacrylate is from 95/5 to 50/50; 
and 

polymerizing a hydrophilic unsaturated monomer having 
at least one carboxyl group in the presence of said 
crosslinking agent, thereby producing a crosslinked 
polymer. 

2. The process according to claim 1, wherein the 
crosslinking agent includes a high boiling-point compound 
at a proportion in the range of from 10 Weight percent to 20 
weight percent, the high boiling-point compound including 
at least two trimethylolpropane radicals. 

3. The process according to claim 1, wherein the hydro 
philic unsaturated monomer is a material selected from the 
group consisting of acrylic acid, methacrylic acid, acrylic 
acid in a neutralized form and methacrylic acid in a neu 
tralized form. 

4. The process according to claim 1, wherein 30 mole 
percent to 90 mole percent of the carboxyl groups in the 
hydrophilic unsaturated monomer are neutralized. 

5. The process according to claim 1, wherein 50 mole 
percent to 80 mole percent of the carboxyl groups in the 
hydrophilic unsaturated monomer are neutralized. 

6. The process according to claim 1, wherein 60 mole 
percent to 75 mole percent of the carboxyl groups in the 
hydrophilic unsaturated monomer are neutralized. 

7. The process according to claim 1, wherein the process 
for polymerizing the hydrophilic unsaturated monomer is 
carried out in an aqueous solution of the hydrophilic unsat 
urated monomer having a concentration ranging from 20 
percent by weight to saturation. 

8. The process according to claim 1, wherein the process 
for polymerizing the hydrophilic unsaturated monomer is 
carried out in an aqueous solution of the hydrophilic unsat 
urated monomer having a concentration ranging from 25 
percent by weight to 40 percent by weight. 

9. The process according to claim 1, further comprising 
the step of heating said crosslinked polymer at a temperature 
in the range of from 80° C. to 250° C. 

10. The process according to claim 1, further comprising 
the step of heating said crosslinked polymer at a temperature 
in the range of from 150° C. to 220° C. 

11. The process according to claim 1, wherein the amount 
of the crosslinking agent is 0.05 to 1 mole percent with 
respect to said hydrophilic unsaturated monomer. 

12. The process of claim 1, wherein said hydrophilic 
unsaturated monomer is polymerized in the absence of 
surface active agents and dispersants. 

13. A process for preparing an absorbent resin, comprising 
the steps of: . 

providing a hydrophilic unsaturated monomer having at 
least one carboxyl group; 

providing a crosslinking agent which includes at least 90 
percent by weight of a main component, 
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the main component being an ester having at least two 

polymerizable unsaturated bonds, wherein: 
the ester is based on: 

a polyhydroxy alcohol having not more than six 
carbon atoms and at least three hydroxy groups; 
and 

an unsaturated carboxylic acid; and 
wherein the molecular weight of the main component is 

expressed as a molecular weight ratio of the main 
component to a standard compound, said ratio is in 
the range of from 0.7/1 to less than 1.3/1, wherein 

the standard compound is an ester based on: 
the polyhydroxy alcohol that composes the main 

component, and 
the unsaturated carboxylic acid that composes the 
main component, in which all the hydroxy groups 
in the polyhydroxy alcohol are ester-linked with 
the unsaturated carboxylic acid, and 

polymerizing said hydrophilic unsaturated monomer in 
the presence of said crosslinking agent, thereby 
producing a crosslinked polymer. 

14. The process according to claim 13, wherein said 
crosslinking agent further comprises a high boiling-point 
compound at a concentration of less than 10 percent by 
weight, the high boiling-point compound including at least 
two polyhydroxy alcohol radicals per molecular. 

15. The process according to claim 13, wherein said 
crosslinking agent consists of only a compound including 
one polyhydroxy alcohol radical per molecule. 

16. The process according to claim 13, wherein said 
crosslinking agent contains at least at 95 percent by weight 
of said main component. 

17. The process according to claim 13, wherein said 
crosslinking agent has a viscosity of from 10 cps to 60 cps 
at 25° C. 

18. The process according to claim 13, wherein said 
polyhydroxy alcohol is trimethylolpropane, and said unsat 
urated carboxylic acid is acrylic acid. 

19. The process according to claim 13, wherein said 
crosslinking agent is used in an amount ranging from 0.01 
mole percent to 5 mole percent with respect to said hydro 
philic unsaturated monomer. 

20. The process according to claim 13, wherein said 
crosslinking agent is used in an amount ranging from 0.05 
mole percent to 1 mole percent with respect to said hydro 
philic unsaturated monomer. 

21. The process according to claim 13, wherein said 
hydrophilic unsaturated monomer is a material selected from 
the group consisting of acrylic acid, methacrylic acid, 
acrylic acid in a neutralized form and methacrylic acid in a 
neutralized form. 

22. The process according to claim 13, wherein 30 mole 
percent to 90 mole percent of the carboxyl groups in the 
hydrophilic unsaturated monomer are neutralized. 

23. The process according to claim 13, wherein 50 mole 
percent to 80 mole percent of the carboxyl groups in the 
hydrophilic unsaturated monomer are neutralized. 

24. The process according to claim 13, wherein 60 mole 
percent to 75 mole percent of the carboxyl groups in the 
hydrophilic unsaturated monomer are neutralized. 

25. The process according to claim 13, wherein the step 
of polymerizing the hydrophilic unsaturated monomer is 
carried out in an aqueous solution in which the hydrophilic 
unsaturated monomer has a concentration ranging from 20 
percent by weight to saturation. 

26. The process according to claim 13, wherein the step 
of polymerizing the hydrophilic unsaturated monomer is 
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carried out in an aqueous solution in which the hydrophilic 28. The process according to claim 13, further comprising 
heating said crosslinked polymer at a temperature in the 
range of from 150° C. to 220° C. 

Parc?nt by Weight to 40 Percant by Weight 29. The process of claim 13, wherein said hydrophilic 
27. The process according to claim 13, further comprising 5 unsaturated. monomer is Rolymeliled in the absence of 

surface active agents and dispersants. 

unsaturated monomer has a concentration ranging from 25 

heating said crosslinked polymer at a temperature in the 

range of from 80° C. to 250° C. ' * * * * * 


